
EDITORIAL

Sportomics: Futbol Club Barcelona’s approach to

personalized injury prevention

Sportomics combines “omics” sciences with classic clinical
laboratory analyses to mimic the real challenges and condi-
tions faced during sports training and competition.1 It relies
on analytical methods with high processing power to analyze
large volumes of data and is a promising field of investigation
in translational sports medicine. Sportomics comprehen-
sively relies on the “athlete’s biological passport” for the
systematic study of sport-induced responses and adaptations
at any level (genome, transcriptome, proteome, metabo-
lome, etc.).2 The use of omics data provides a comprehen-
sive understanding of the biological processes and systems
underlying athletic performance and injury risk, to finally
identify novel intervention targets.

F�utbol Club Barcelona (FC Barcelona) has used Sportom-
ics to understand exercise-induced metabolic alterations
and the relationship with acute and chronic fatigue of its
players. This helped to study the association between inter-
nal and external load indicators during training or game ses-
sions and estimate injury risk.

We have over five years of experience studying our play-
ers' genome, epigenome, transcriptome, proteome, and
metabolome through different scenarios and sports. For
instance, we contributed to various studies about genomics,
uncovering previously undescribed genetic predictors of ten-
dinopathy in elite team sports athletes. Our research identi-
fied specific single nucleotide polymorphisms (SNPs) as
genetic markers, including rs11154027, rs4362400, and
rs10263021.3 Also, we found a trend for the association of
higher risk of muscle injury with the XX genotype in profes-
sional footballers presenting the R577X polymorphism
(rs1815739) in the gene encoding a-actinin-3 (ACTN3). More-
over, in the same players, there was a significant effect of
this genetic variant for the time needed to return to play.4

Recently, these results have been replicated in 315 top-level
professional football players from the Spanish football first
division (i.e., LaLiga).5 Finally, we found a significant associ-
ation between the rs13946 C/C polymorphism in the COL5A1
gene and anterior cruciate ligament (ACL) injury in women
footballers and not in male footballers.6

Regarding transcriptomics, we studied the effects of
external load on elite athletes during a handball match and
throughout the season 2021�22, and we identified deregula-
tion in the immune system, mitochondrial functions, and
various metabolic pathways during the match. Additionally,
it establishes correlations between GPS external load varia-
bles and pathways associated with amino acids, inflamma-
tion, and oxidative environment These findings offer insights
into athletes’ immediate and chronic responses to physical
effort.7

We also performed proteomics studies in blood and saliva
and are currently evaluating how the plasma proteome
responds to sports stress. This way, we aim to identify pro-
teins that can be used as biomarkers for the non-invasive
detection of overreaching fatigue and the risk of suffering
an injury during the season. We are now using saliva samples
to detect proteomic profiles in our elite female football
players to have a non-invasive method. Moreover, identify-
ing different molecular profiles through salivary exosome
biomarkers can provide valuable insights into elite female
football players phenotypes.

Regarding metabolomics, we studied the relationship
between internal and external load indicators during a foot-
ball season. Results showed that the adaptation to external
load in footballers drives changes in the steroid hormone
biosynthesis and metabolism, as well as in the tyrosine and
tryptophan metabolic pathways.8 Furthermore, overrepre-
sentation analysis and multivariate analysis of metabolic
data showed significant differences in the effect of training
on the metabolic profiles of men�s and women�s teams. Our
results demonstrate that the development of metabolic
adaptation models in professional football players can bene-
fit from the separate analysis of men�s and women�s teams,
providing a more accurate insight into how adaptation to
external load is related to changes in metabolic
phenotypes.9

Our original goal was to identify biomarkers across the
various omics domains individually. However, there was a
pivotal shift in our approach when we began integrating
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diverse omics datasets to enhance our ability to predict
injury risk. We developed an injury prediction model that
leverages data sourced from global positioning systems
(GPS) alongside multi-omics data encompassing genomics
and metabolomics from elite female footballers.10 Incor-
porating nonlinear cumulative load assessments alongside
multi-omic data has been instrumental in delineating
distinct injury risk profiles. This innovative approach
enhances our understanding of the intricate interplay
between physiological markers and performance metrics
and offers valuable insights for personalized injury pre-
vention strategies.

In our goal to personalize physical activities, workload
management, injury risk prediction, and performance
enhancement for athletes incorporating multimodal data,
we recognize the importance of broadening the scope of
data integration beyond omics domains. Specifically, when
analyzing data from female athletes, it becomes imperative
to incorporate additional factors such as menstrual cycle
dynamics and hormonal fluctuations.11 The menstrual cycle
profoundly influences various physiological processes,
including metabolism, immune function, and musculoskele-
tal health, that are linked to injury susceptibility. There-
fore, incorporating menstrual cycle data into our predictive
models can provide invaluable insights into the dynamic
interplay between hormonal fluctuations and injury risk
profiles. Also, considering the impact of hormones, such as
estrogen and progesterone, on ligament laxity, muscle
strength, and neuromuscular control is paramount for a
comprehensive understanding of injury predisposition in
female athletes. By integrating these datasets with omics
datasets, we can elucidate the intricate interactions shap-
ing various aspects of an athlete's profile with heightened
precision, encompassing diverse dimensions of sports out-
comes.

We firmly believe that omics data hold immense potential
in identifying internal load biomarkers. By considering hor-
monal status, biomechanics, cognitive mood status, etc.,
together with genomic, transcriptomic, proteomic, and
metabolomic profiles of the players, the medical teams,
coaches, and athletes can derive predictive models capable
of stratifying players according to varying risks. Adopting
such a comprehensive approach promises highly accurate
and personalized interventions in training, competition,
recovery, and rehabilitation programs.

Future research endeavors must delve deeper into unrav-
elling the roles of identified genes, proteins, metabolites,
and other biological variables (e.g., stress and diet), consid-
ering the inherent differences in sex biology that must lead
to distinct modeling and studies for male and female
athletes.

In summary, our experience underscores the critical need
for a nuanced understanding of athletes’ physiological
makeup and its implications for injury management and per-
formance optimization in professional sports settings.
Through continued exploration and integration of diverse
biological variables, we can strive towards more refined
interventions tailored to the biological specificities of each

athlete, ultimately fostering their success and well-being in
sports.

References

1. Bassini A, Cameron LC. Sportomics: building a new concept in
metabolic studies and exercise science. Biochem Biophys Res

Commun. 2014;445(4):708�16.

2. Hoffman NJ. Omics and exercise: global approaches for map-
ping exercise biological networks. Cold Spring Harb Perspect

Med. 2017;7(10).

3. Rodas G, Osaba L, Arteta D, Pruna R, Fern�andez D, Lucia A.

Genomic prediction of tendinopathy risk in elite team sports.
Int J Sports Physiol Perform. 2019;15(4):489�95.

4. Rodas G, Moreno-P�erez V, Del Coso J, Florit D, Osaba L, Lucia A.

Alpha-actinin-3 deficiency might affect recovery from non-con-

tact muscle injuries: preliminary findings in a top-level soccer
team. Genes. 2021;12(5):769.

5. Del Coso J, Rodas G, Soler-Aguinaga A, L�opez-Del Campo R,

Resta R, Gonz�alez-Rodenas J, Ferrandis J, Moreno-P�erez V.
ACTN3 XX genotype negatively affects running performance and

increases muscle injury incidence in LaLiga Football Players.

Genes. 2024;15(3):386.

6. Rodas G, C�aceres A, Ferrer E, Balagu�e-Dob�on L, Osaba L, Lucia
A, Gonz�alez JR. Sex differences in the association between risk

of anterior cruciate ligament rupture and COL5A1 polymor-

phisms in elite footballers. Genes. 2022;14(1):33.

7. Ezquerra Condeminas P, Mallol M, Font R, Tremps V, Guti�errez
JA, Rodas G, Perera Lluna A, Soria JM. Unraveling athletic per-

formance: transcriptomics and external load monitoring in

handball competition. PLoS One. 2024;19(3).

8. Quintas G, Reche X, Sanjuan-Herr�aez JD, Martínez H, Herrero
M, Valle X, Masa M, Rodas G. Urine metabolomic analysis for

monitoring internal load in professional football players. Metab-

olomics. 2020;16(4):45.
9. Rodas G, Ferrer E, Reche X, Sanjuan-Herr�aez JD, McCall A,

Quint�as G. A targeted metabolic analysis of football players and

its association to player load: comparison between women and

men profiles. Front Physiol. 2022;13:923608.
10. Gonzalez JR, C�aceres A, Ferrer E, Balagu�e-Dob�on L, Escrib�a-

Montagut X, Sarrat X, Quint�as G, Rodas G. Predicting injuries in

elite female football players with GPS and multi-omics data. Int

J Sports Physiol Perform. 2024. in press.
11. Legerlotz K, Nobis T. Insights in the effect of fluctuating female

hormones on injury risk-challenge and chance. Front Physiol.

2022;13:827726.

Gil Rodasa,b,*, Juan R Gonzalezc,d
a Futbol Club Barcelona Medical Department and Barça Inno-

vation Hub. Barcelona, Spain
b Sports and Exercise Medical Unit, Clinic Hospital and Sant

Joan de D�eu Hospital, Barcelona, Spain
c ISGlobal, Institute for Global Health, Barcelona, Spain

d Centro de Investigaci�on Biom�edica en Red en Epidemiolo-

gía y Salud P�ublica (CIBERESP), Spain

* Corresponding author.
E-mail address: gil.rodas@fcbarcelona.cat (G. Rodas).

Available online 25 April 2024

2

G. Rodas and J.R. Gonzalez

http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0001
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0001
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0001
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0001
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0002
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0002
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0002
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0003
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0003
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0003
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0003
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0003
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0004
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0004
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0004
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0004
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0004
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0005
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0005
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0005
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0005
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0005
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0005
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0005
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0005
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0006
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0006
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0006
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0006
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0006
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0006
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0006
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0006
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0007
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0007
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0007
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0007
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0007
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0008
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0008
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0008
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0008
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0008
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0009
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0009
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0009
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0009
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0009
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0009
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0010
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0010
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0010
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0010
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0010
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0010
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0010
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0010
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0010
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0011
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0011
http://refhub.elsevier.com/S2666-5069(24)00013-0/sbref0011
mailto:gil.rodas@fcbarcelona.cat

	Sportomics: Futbol Club Barcelona's approach to personalized injury prevention
	References


